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ABSTRACT

Bilingual language switching can be better understood by taking it both as a subject and a method. To describe it, we review the
models and hypotheses of Bilingual language switching, like inhibitory control model, language specific-selection hypothesis etc. We
further discuss its modulating factors including factors of executive control, like working memory and language inhibition, language
proficiency, age, and task-related factors. Factors interact with each other, so we suggest the future research to design strict experiments
to reduce the influence of irrelevant factors. This review helps future research in the field of bilingual language switching to take further
process by taking these factors into consideration, and also helps second language teaching and learning, especially interpreting teaching.
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ABBREVIATIONS

BLS: Bilingual Language Switching; ICM: Inhibitory Control
Model; LSSM: Language-Specific Selection Model; WM: Working
Memory; AOA: Age of Acquisition

INTRODUCTION

Bilingual Language Switching (BLS) is the process of switching
from the use of one language to another [1]. In view of bilingual
language selection, one of the most compelling finding to date is that
bilinguals will coactivate both languages when they read, speak, or
even when only one language is spoken [2-4]. However, in daily life,
bilinguals can successfully and freely switch between two languages
without much random errors [5,6]. So, what is the mechanism behind
BLS to help bilinguals use languages freely?

In the process of language switching, researchers have found that
comparing to the processing of a single language series, bilinguals in
the process of processing a mixed language series tend to show longer
reaction time and higher error rate. The costs within the process
are termed as language switching costs [7-11]. Since then, language
switching costs has been taken as an index of BLS. Based on this point,
a plethora of empirical studies have been carried out at home and
abroad [12-14]. And two hypotheses of “Language-specific Selection
Hypothesis” [2] and “Language-nonspecific Selection Hypothesis”
[15] have been gradually formed. The former believes that inhibition
is the main reason for the costs of language switching, while the latter
claims that language proficiency is the key to the language switching
costs for bilinguals, which will be explained further in the next section.

Besides, in this review, we will focus on all the factors that
modulates BLS. In this way, we hope the researchers carried
on language switching could make further progress by taking
these modulating factors into consideration, even solving some
controversial issues. And as more empirical studies regard BLS as
a method to step into bilingual advantages of executive function
[16,17], it seems that understanding these factors is quite useful when
design tasks or select participants in a study.

Through this review, we hope BLS can be better understood
both as a subject and a method. The study on the source of language
switching costs can enrich the researches in the field of language
cognition, also explain BLS from the perspective of cognitive
psychology. As a method, the study of modulating factors of BLS
helps future researches and also benefits second language teaching
and learning.

HYPOTHESES AND MODELS OF BLS

Language-nonspecific
Inhibitory Control Model

Selection Hypothesis and

Language-nonspecific Selection Hypothesis: In Meuter and
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Allport (1999), inhibition was first taken as an explanation of the
asymmetry of switching costs in Bilingual Language Switching (BLS).
In their research, participants were required to take a language
naming task, asking them to name numbers according to the language
clues. The research revealed that the response latencies in switch trials
were longer than the non-switch trials, that is, the switching costs of
BLS appears. And also, switch costs of dominant L1 to weaker L2
was smaller than weaker L2 to dominant L1, and the asymmetry
of language switching costs occurs. To explain this phenomenon,
researchers agreed that differences in the degree to which bilinguals
inhibit two languages (one is dominant language, the other is weaker)
during BLS. To be more specific, when dominant L1 switch to weaker
L2, participants should first inhibit the L1, then activate L2. Similarly,
when switching from L2 to LI, participants need spend more
cognitive resources to restore L1 from its previously inhibited state to
active state. Therefore, the different degrees of inhibition, resulting in
asymmetrical switching costs. According to these results, Meuter and
Allport believed that inhibition was quite significant in BLS and also
proposed the inhibitory control hypothesis for BLS.

From then on, researchers proposed many theories in view of
BLS, among which the language-nonspecific selection hypothesis”
is the most representative one. The language-nonspecific selection
hypothesis [15] demonstrates that in the process of words selection,
both target words and unintended words may be activated and
become candidates. Besides, selection is achieved through a top-
down inhibitory mechanism outside the language system. In this
way, the activation of unintended language is suppressed. The more
unintended words are activated, the stronger it is inhibited. Dominant
languages are more likely to be activated during language switching
than nondominant languages. Under this account, when bilinguals
switch between languages, switching into nondominant language will
cost more efforts.

Inhibitory Control Model: In line with the research of language
inhibition, Green (1998) proposed inhibitory control model (ICM),
which was a typical model of language-nonspecific selection
hypothesis. This model holds that the lexical choice of the two
language systems is realized by inhibition mechanism, that is, by
inhibiting the activation of unintended language, the selection of the
target language is realized. [8,16]. It includes two hypotheses: first, the
higher the proficiency of language, the more it is inhibited. During
language switching, the degree of inhibition of dominant language
will be greater than that of nondominant language; Secondly,
reactivating the suppressed language is in direct proportion to the
degree of inhibitory control. When unbalanced bilinguals switch
from L2 to L1, the weaker L2 first inhibited the activation of L1, then
it requires greater efforts to reactivate the dominant language, which
will lead to language switching costs.
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This model has been proved by lots of researchers [3,7], but
also a great number of scholars reject it [18,19]. Whether or not
ICM survives the test, it has been regarded as the most explanatory
and influential theoretical model for the phenomenon of bilingual
language switching costs. In recent years, inhibitory control has
become a topic of great concern to many researches in bilingual field
[20,21]. Green (1998)’s ICM is a top-down overall inhibition, which
occurs in the whole language schema. Therefore, it may not be able to
explain some type of language inhibition, and the range and degree of
inhibition in BLS are still not clear enough.

Language-specific Selection Hypothesis and Language-
specific Selection Model

Language-specific Selection Hypothesis: Until now, most of the
evidence of inhibition existing in BLS come from low proficiency
bilinguals [7,22-25]. For low proficiency bilinguals, their dominant
L1 has a high proficiency, while L2 has a relatively low proficiency.
Some researchers found out bilinguals with high proficiency did not
show asymmetry switching costs [7,25,26]. Since two languages are
similarly proficient, their activation levels are quite similar. When
bilinguals switch between these two languages, the selection process
and mechanism of words is similar to monolinguals. Therefore,
no inhibition is needed and no switching costs, either. Hence,
researchers proposed language-specific selection hypothesis to affirm
the influence of language proficiency (specifically, L2 proficiency) on
BLS and bilingual language switching costs.

For the language-specific selection hypothesis [2], it demonstrates
that background information of both target and unintended
languages may be activated, while words of unintended language
are not candidates for selection. Therefore, the activation of target
language will not be influenced by the unintended language when
switching between languages. Bilinguals with high L2 proficiency
access the target language more easily.

Language-specific Selection Model: Language-Specific Selection
Model (LSSM) is the most influential model of language-specific
selection hypothesis. It emphasizes language proficiency as the
key factor modulating bilingual language switching costs. When
the target language is accessed, the unintended words may also be
activated. However, they will not be candidates for words selection
later [2]. Bilinguals with high language proficiency of languages
access and select language like monolinguals, while bilinguals with
low language proficiency need to inhibit unintended words to
achieve target words access. In the experiment of Meuter and Allport
(1999), they also proved that language proficiency would influence
the symmetry of BLS. Bilinguals with high language proficiency
had symmetrical switching costs, while costs for bilinguals with low
proficiency is asymmetrical. In addition, the studies also revealed
that when switching from the dominant L1 to the less proficient
L3, the switching costs of bilinguals with high proficiency were also
symmetric [7,14]. To explain this phenomenon, [7] demonstrated
that bilinguals with high proficiency may develop a new mechanism
of language selection, and when they learn a new language, bilinguals
will also take advantage of this mechanism. These experiments also
indicate that when bilinguals with high proficiency switch between L1
and less proficient L3, they will not use inhibition to control language
selection like bilinguals with low proficiency.

To sum up, the debate between ICM and ISSM mainly focus
on where the language switching costs comes from. It is caused by
language inhibition or language proficiency. Both theories have their
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own explanations and proofs. ICM mainly revolves around bilinguals
with low proficiency, so it cannot explain the symmetrical switching
costs of bilinguals with high proficiency. However, the asymmetrical
switching costs also can be found in high-proficiency bilinguals
[7,14]. Therefore, neither inhibition nor language proficiency are the
only factors that affect bilingual language switching costs.

Language-specific Selection Threshold Model

[7] developed language-specific selection threshold model to
reconcile these two kinds of opinions. This model agrees both the
function of language inhibition and language proficiency and regards
them as two stages of bilingual proficiency. Bilinguals with high
proficiency may be able to make use of LSSM, without competition in
language selection process. However, those less proficient bilinguals
may not be able to avoid language competition. When select the
target language, the unintended language will show up and become
candidates for selection. As bilinguals speak languages in contexts,
lexical access and selection in bilinguals should be a dynamic process.
Thence, under some conditions, those language-nonspecific selection
can be transformed into language-specific way. [27,28]. Therefore,
some other factors may also affect the BLS, such as language contexts,
working memory and so on.

MODULATING FACTORS IN BLS
Executive Control

Working Memory: Working Memory (WM) refers to a cognitive
memory buffer with limited capacity for temporarily processing
and storing information. It is an important basis for individuals to
carry out advanced cognitive activities. In working memory, we need
to hold current important information and the ability to add new
information to improve it, or to remove or update previously retained
information [29-31]. For one side, frequent switching between
languages will enhance WM updating process [32]. On the other
side, WM also affects BLS and language switching costs. According
to Baddeley and Hitch (1974), a model of WM has three components
and they are the central executive, the visuospatial sketchpad, and
the phonological loop. Central executive exerts executive control
determines the activities of two “slave systems” of the phonological
loop (store and rehearse phonological representations) and the
visuospatial sketchpad (form visual images). Three main components
affect BLS in different ways [33]. The central executive system of WM
has close relationship with language control in BLS as they activate
parts of brain areas that are identical to each other [34]. In addition,
the phonological loop can influence language switching by affecting
the acquisition of new words in the second language [33,35]. The
visuospatial sketchpad in working memory influences language
switching costs by affecting text retention [36].

Inhibition: To explore the neural correlates of the language
switching mechanism, many researches have been conducted
between different languages and bilinguals. [22] investigated the
neural mechanisms of language switching and task switching. It is
found that in the phonological judgement task and the numerical
judgement task, the right inferior frontal (rIFG) was more active in
L1to L2 thanin L2 to L1. This experiment confirmed the implication of
ICM on BLS. Similarly, [37] used a picture naming task and observed
the activation of rIFG when switching to L2 and L3. [16] trained the
domain-general inhibition and examined its effects on performance
in an overt picture naming task. Results indicated that bilinguals with
low inhibitory control had symmetrical switching costs after training.
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Moreover, in the posttest, the low inhibitory control group also
showed a larger LPC (late positive component), which indicated the
key role inhibition plays in BLS. Language switching experience trains
inhibitory control, which in turn makes language switching more
efficient. Based on this, researchers who agree with ICM propose
that the reason why proficiency affects switching costs is because of
language switching experience. High-proficiency bilinguals more
frequently switch between languages, so their inhibitory control
ability is trained, while low-proficiency bilinguals have poor control
ability, so the switching costs are asymmetrical [21,27].

Recently, the domain-general control gets more attention, and
how it is linked to language control has been widely discussed. Studies
from ERP (event-related potentials) and fMRI show some overlap
between them. Some ERP studies have found cognitive control-
related N2 component in the process of BLS [26]. Brain imaging
studies have also found a high degree of overlap between areas of
the brain that are activated when switching between languages and
those involved in general inhibitory control. The left dorsal prefrontal
cortex and bilateral superior marginal gyrus activated by language
switching are important components of the attention network of
the frontal and parietal lobes [52]. The caudate nucleus and anterior
cingulate gyrus are also involved in cognitive control [55]. Also, some
researches proposed that the brain areas related to language control
and general inhibitory control are partly overlapped [14]. Therefore,
the relationship between them needs further study.

Language Proficiency

As we have mentioned above, Meuter and Allport (1999) noticed
that high-proficiency bilinguals had symmetrical switching costs.
Then, switching from the dominant L1 to weaker L3 also showed
symmetrical costs. Based on these, Coast and Santesteban (2004)
argued that bilinguals with high proficiency did not use inhibition,
but develop a new mechanism to complete language access and
selection.

Nowadays, many researchers take the method of neuroimaging
and found that Language proficiency can influence areas of the brain
involved in BLS. Mouthon et al. (2020) examined some important
language control areas in language selection task. The participants
were groups of student translators with high and moderate language
proficiency levels. The results showed that L2 proficiency influenced
the brain network involved in language selection, and when L2
proficiency improved, the network of language selection was more
convergent with cognitive control network, which, in some extent,
supports the influence of language proficiency on BLS. Abutalebi
et al. (2013) examined the left caudate, one core region of language
switching, in an overt picture-naming task. The results found that
the left caudate varied with language proficiency, and switching
between languages with different proficiency increased responses in
this region. In a word, language proficiency plays a significant role
in neural network of BLS. As there are still some different factors
influencing the results of experiments, like language use, switching
experience, age, future study can more extensively study the impact
of language proficiency on bilingual switching neural networks by
controlling variables strictly.

Age

The influence of age on BLS mainly involves two aspects. One is
the difference in inhibitory control ability between older bilinguals
and young bilinguals, and the other aspect is the influence of age of
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acquisition (AOA), which means the starting age of learning a second
language.

The difference of inhibitory ability between the old bilinguals
and the young bilinguals is mainly found in the task of measuring
inhibitory control ability, like Stroop task and Simon task [6,53]. Van
der Elst et al. tested 1856 participants from the age of 24 to 81 in Stroop
test and the results showed that the response time increased with age,
which means the inhibitory control ability decreased. [38] measured
the performance of two age groups, old age (60 to 71) and middle
age (40 to 55) in both Stroop task and Simon task, and the results
also showed the age affected the control ability. As ICM proposed the
inhibitory control outside languages, the influencing factor of age on
inhibitory control also confirms its effect on BLS.

AOA also affects BLS by influencing inhibitory control.
Theoretically, the critical period theory believes that acquiring two
languages at an early age can expand the cognitive advantage of
bilinguals in solving tasks [28]. From empirical studies, some studies
demonstrated that only early bilinguals showed greater cognitive
advantage than monolinguals, but the late bilinguals did not. [39]
revealed that early bilinguals exhibited smaller flanker costs. In
contrast, the flanker costs of late bilinguals were comparable to that of
monolinguals. The results indicated that compared to monolinguals,
early bilinguals showed better inhibitory control ability than late
bilinguals. [40] found older bilinguals had better performance in
Simon task than older monolinguals, while among the young, no
control advantage was found between bilinguals and monolinguals.
One reason to explain this result may be the time of language
experience. The cognitive control develops as language experience
increases. Therefore, whether AOA affects inhibitory control and BLS
is still a question. The factor of AOA is closely related to language
proficiency or language proficiency, so the future research should
notice these confounding factors.

Task Design

Task Difficulty: In Tartowski et al. (2013), Polish-English
unbalanced bilinguals were asked to perform two tasks by switching
between languages. One was describing pictures which showed
ongoing and completed actions, and the other was to complete the
progressive and perfective phrases of the subject-verb sentence. It is
found that the switching costs of perfective phrases were symmetrical,
and the switching costs of progressive phrases were asymmetrical,
which indicated that task difficulty influenced BLS.

Preparation Time: Most of the studies observing language
switching in bilinguals adopt behavioral experiments and mainly
focus on the language switching paradigm of picture naming and
digit naming [18,38,54]. Verhoef et al. (2009) examined Dutch-
English non-balanced bilinguals in the picture naming task. And
it found that the language switching costs were asymmetric when
the preparation time was short (750ms). However, this asymmetry
disappeared at longer intervals (1500ms). Based on Verhoef, Fink and
Goldrick (2015) controlled the language proficiency of bilinguals, and
studied the language switching costs with preparation time of Oms,
750ms and 1500ms respectively by using digit naming task. The
results showed that for non-balanced bilinguals, the preparation time
did not affect the asymmetry of language switching costs. Similarly,
[41] set the preparation time as Oms, 500ms and 800ms, and also
found no disappearance of language switching costs asymmetry. [33]
found that the language switching costs of the unbalanced Chinese-
English bilinguals decreased as the preparation time increased
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during the picture naming task in 500ms and 800ms. Based on these
experiments, it can be said that preparation time can affect language
switching costs, and that how long the preparation time is, the
asymmetry of switching costs will disappear is still under controversy.

Language Context: Most studies used a fixed ratio of switching
tokens and non-switching tokens for studying language switching.
But obviously, bilinguals did not speak languages in a certain ratio.
[42] examined BLS by using a cued picture-naming task. In this task,
participants performed in variable contexts which were placed in a
continuum. The results found that in a more monolingual context,
the language switching costs were asymmetrical, while in a bilingual
context, the switching costs were symmetrical. In a cued-switching
paradigm, language context can manipulate switching costs.

BLS is mostly studied in cued-switching paradigm, like picture
naming paradigm and digit naming paradigm. However, bilinguals
in their daily life switch freely. Therefore, many researchers turn to
study in voluntary-switching paradigm. [43] conducted a study on
voluntary language switching among Spanish-English bilinguals. The
results revealed that switching sometimes facilitates responses as it
occurs voluntarily, even responses in balanced bilinguals. In [44],
participants were asked to name cued pictures, either monolingual
cued or bilingual voluntary cued. The authors observed that contrary
to the point that language switching is effortful, when participants
responded to natural cues, switching is costless. Also, for bilingual
voluntary conditions, the Anterior Cingulate Cortex (ACC) and
Dorsolateral Prefrontal Cortex (dIPFC), manipulating language and
cognitive control, were not activated. All findings demonstrated that
voluntary switching had no switching costs.

[45-55] examined Spanish-Basque bilinguals in voluntary task
and found switching costs. Therefore, how voluntary switching affect
costs are still unknown and whether it needs a top-down control is
also a question.

CONCLUSION

In this review article, we discussed the theoretical models and two
hypotheses of BLS. Regarding the source of bilingual switching costs,
the language-nonspecific selection hypothesis and ICM agree that
inhibition played a role; the language-specific selection hypothesis
and ISSM suggest that proficiency. To reconcile these two different
opinions, language-specific selection threshold model has been
proposed, which regards two hypotheses as two stages of language
development. All models and hypothesis have something they cannot
explain, and as more and more studies of BLS based on inhibition or
inhibitory control, it is necessary to combine ideas of different models
to explain language phenomenon.

Secondly, Factors affect each other and the function of some
factors are still not clear. So, in the future, more studies should take
on studying modulating factors, and have a restrict experiment design
to reduce the influence of irrelevant factors.

Thirdly, WM and age influence the BLS by affecting cognitive
control. Is there any direct relationship between BLS and cognitive
factorsAre these factors trained and enhanced by tasks in experiments?
Future research should design more effective experimental designs to
study the specific relationship between inhibition control and WM in
language switching and its applicable scope.
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